





Water Resources Data
for Minnesota

Volume 1. Great Lakes and Souris-Red-Rainy
River Basins

U.S. GEOLOGICAL SURVEY WATER-DATA REPORT MN-80-1

WATER YEAR 1930

Prepared in cooperation with the Minnesota
Department of Natural Resources, Division of
Waters, the Minnesota Department of
Transportations and with other State,
municipal, and Federal agencies




UNITED STATES DEPARTMENT OF THE INTERIOR
JAMES G. WATT, Secretary
GEOLOGICAL SURVEY

Doyle G. Frederick, Acting Director

For additional information write to
District Chief, Water Resources Division
U.S. Geological Survey
702 Post Office Building
St. Paul, Minnesota 55101

1981



PREFACE

This report was prepared by personnel of the Minnesota district of the
Water Resources Division of the U.S. Geological Survey under the supervision
of D. R. Albin, District Chief, and J. E. Biesecker, Regional Hydrologist,
Northeastern Region. It was done in cooperation with the State of Minnesota
and with other agencies.

This report is one of a series issued by State. General direction for
the series 1s by Philip Cohen, Chief Hydrologist, U.S. Geological Survey, and
Robert J. Dingman, Assistant Chief Hydrologist for Scientific Publication and
Data Management.

Data for Minnesota are in two volumes as follows:

Volume 1. Great Lakes and Souris-Red-Rainy River Basins

Volume 2, Upper Mississippi and Missouri River Basins
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VI GAGING STATIONS, IN DOWNSTREAM ORDER, FOR WHICH RECORDS ARE PUBLISHED

Letter after station name designates type of data: (d) discharge; (e) gage height, elevation, or
contents; (e¢) echemical, radio-chemical, or pesticides; (b) biologieal or miero-biological;
(p) physical (water temperature, sediment, or specific conductance)
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WATER RESOURCES DATA FOR MINNESOTA, 1980
INTRODUCTION

Water resources data for the 1980 water year for Minnesota consist of records of stage, dis-
charge, and water quality of streams; stage, contents, and water quality of lakes and reservoirs;
and water levels and water quality of ground water. This volume contains discharge records for 54
gaging stations; stage only records for 1 gaging station; stage and contents for 5 lakes and reser-
voirs; water quality for 9 gaging stations, 1 stage station, 14 partial-record lake stations, and 5
wells; and water levels for 45 observation wells. Also included are 51 high-flow partial-record
stations and 86 low-flow partial-record stations. Additional water data were collected at various
sites, not involved in the systematic data collection program, and are published as miscellaneous
measurements. These data, together with the data in Volume 2, represent that part of the National
gatﬁr Data System collected by the U.S. Geological Survey and cooperating State and Federal agencles

n Minnesota.

Records of discharge or stage of streams, and contents or stage of lakes and reservoirs were
first published in a series of U.S. Geological Survey water-supply papers titled "Surface Water
Supply of the United States." Through September 30, 1960, these water-supply papers were in an
annual series and then in a 5-year series for 1961-65 and 1966-70. Records of chemical quality,
water temperatures, and suspended sediment were published from 1941 to 1970 in an annual series of
water supply papers titled "Quality of Surface Waters of the United States." Records of ground-
water levels were published from 1935 to 1974 in a series of water-supply papers titled "Ground-
Water lLevels in the United States." Water-supply papers may be consulted in the libraries of the
principal cities in the United States or may be purchased from Branch of Distribution, U.S.
Geological Survey, 1200 South Eads Street, Arlington, VA 22202.

For water years 1961 through 1974, streamflow data were released by the Geological Survey in
annual reports on a State-boundary basis. Water-quality records for water years 1964 through 1974
were similarly released either in separate reports or in conjunction with streamflow records.

Beginning with the 1975 water year, water data for streamflow, water quality, and ground water
are published as an officlal Survey report on a State-boundary basis. These official Survey reports
carry an identification number consisting of the two letter State abbreviation, the last two digits
of the water year, and the volume number. For example, this report is identified as "U.S. Geological
Survey Water-Data Report MN-80-1." Water-Data reports are for sale by the National Technical
Information Service, U.S. Department of Commerce, Springfield, VA 22161.

Additional information, including current prices, for ordering specific reports may be obtained
from the district chief at the address given on the back of the title page or by telephone (612)
725-7841.

COOPERATION

The U.S. Geological Survey and organizations of the State of Minnesota have had cooperative
agreements for the systematic collection of streamflow records since 1909, for ground-water levels
since 1948, and for water-quality records since 1952. Organizations that assisted in collecting
data through cooperative agreement with the Survey are:

Minnesota Department of Natural Resources, Division of Waters, Larry Seymour, director.

Minnesota Department of Transportation, Richard P. Braum, commissioner.

Minnesota Department of Health, George R. Petterson, commissioner.

Metropolitan Waste Control Commission of the Twin Cities Area, by B. L. Lukermann, chairwoman.

Metropolitan Council of the Twin Cities Area, Charles R. Weaver, chairman.

Coon Creek Watershed District, Harold G. Israelson, district engineer.

Elm Creek Conservation Commission, Gerald E. Butcher, chairman.

Assistance in the form of funds or services was given by the Corps of Engineers, U.S. Army, in
collecting records for 44 gaging stations and 14 water-quality stations published in this report.

Twelve gaging stations in the Hudson Bay and St. Lawrence River basins were maintained by funds
appropriated to the United States Department of State. Nine of these, on waters adjacent to the
international boundary, are maintained by the United States (or Canada) under agreement with Canada
(or the United States), and the records are obtained and compiled in a manner equally acceptable in
both countries. These stations are designated herein as "International gaging stations."

Some records for the Red River of the North, which border the State on the west, were obtained
at the request of other Pederal agencies as a part of- the program of the U.S. Department of the
Interior for development of the Missouri River basin. 1
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HYDROLOGIC CONDITIONS

During the 1980 water year, streamflow in northern Minnesota began in the deflcient range
during the fall, increased to normal during the winter and early spring period, but in May returned
to the deficient range where it remained for the rest of the water year. Several record or near
record lows were recorded in the Baptlsm, Pigeon, Rainy, Rapld, Roseau, Sand H1ll, and Buffalo River
basins during this latter period.

Precipitation was above normal over the entire northern and western part of the State at the
beginning of the 1980 water year, but was deficlent for almost every month that followed. Annual
precipitation was about 3 inches below normal over the north and west with the exception of the
northwest where it was 5 inches below normal.

Monthly and annual mean discharge 1s compared with medlan discharge for the perlod 1941-70 at
three representative gaging stations in figure 1.

At the end of the 1980 water year, ground-water levels in west-central, north-central, and
northeast Minnesota were generally within a foot of average for the perlod of record. Water levels
had recovered from the drought of the mid-1970's to a high in 1979. Since 1979, there has been a
general decline in water levels to normal predrought conditions. In northwest Minnesota, there was
a general decline in water levels during 1980 and levels in several observation wells are 3 feet or
more below the average level for the period of record. A hydrograph (fig. 2) shows water levels in
a representative network observation well, 1953-80. \

DEFINITION OF TERMS

Terms related to streamflow, water-quality, and other hydrologic data, as used in this report,
are defined below. See also table for converting inch-pound units to International System of units
(SI) on the inside of the back cover.

Acre-foot (AC-FT, acre-ft) 1s the quantity of water required to cover 1 acre to a depth of 1
foot and 1s equivalent to 43,560 cublc feet or about 326,000 gallons or 1,233 cublc meters.

Adenosine triphosphate (ATP) is the primary energy donor in cellular life process. Its central
role in living cells makes 1t an excellent 1ndicator of the presence of living material in water. A
measure of ATP, therefore, provides a sensitive and rapld estimate of biomass. ATP is reported in
micrograms per liter of the original water sample.

Algae are mostly aquatic single-celled, colonial, or multi-celled plants, containing chloro-
phyll and lacking roots, stems, and leaves. i

Algal growth potential (AGP) 1s the maximum algal dry welght blomass that can be produced in a
natural water sample under standardized laboratory conditions. The growth potentlal 1p the algal
biomass present at stationary phase and 1s expressed as mllligrams dry welght of algae produced per
liter of sample.
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Aquifer 1s a geologic formation, group of formations, or part of a formation that contains
sufficient” saturated permeable material to yleld significant quantities of water to wells and
springs.

Artesian means confined and 1s used to describe a well in which the water level stands above
the top of the aquifer tapped by the well. A flowing artesian well 1s one 1in which the water level
1s above the land surface.

Bacteria are microscopic unicellular organisms, typlcally spherical, rod like, or spilral and
threadlike 1n shape, often clumped into colonies. Some bacteria cause disease, others perform an
essential role in nature in the recycling of materials; for example, by decomposing organlic matter
into a form available for reuse by plants.

Total coliform bacteria are a particular group of bacterla that are used as
indicators of possible sewage pollution. They are characterized as aeroblc or facultative
anaeroblc, gram-negative, nonspore-forming, rod-shaped bacteria which ferment lactose with
gas formation within 48 hours at 35°C. In the laboratory these bacteria are defined as
the organisms which groduce colonles with a golden-green metallic sheet within 24 hours
when 1incubated at 35°C # 1.0°C on M-Endo medium (nutrient medium for bacterial growth).
Thelr concentrations are expressed as number of colonies per 100 mL of sample.

Pecal coliform bacteria are bacterlia that are present in the intestine or feces of
warmblooded animals. They are often used as indicators of the sanitary quallty of the
water. In the laboratory they are defined as all organisms which produce blue colonies
within 24 hours whien incubated at u44.5°C * 0.2°C on M-FC medium (nutrient medium for
bacterial growth). Their cohcentrations are expressed as number of colonies per 100 ml of
sample.

Fecal streptococcal bacteria are bacteria found also in the intestine of warmblooded
animals. Thelr presence in water 1is considered to verify fecal pollution. They are
characterized as gram-positive, coccl bacteria which are capable of growth in braln-heart
infusion broth. In the laboratory they are defined as all the organisms which produce red
or pink colonies within 48 hours at 35°C % 1.0°C on M-FC medium (nutrient medium for
bacterial growth). Thelr concentrations are expressed as number of colonies per 100 mL of
sample.

Bed material is the unconsolidated material of which a streambed, lake, pond, reservolir, or
estuary bottom 1s composed.

Biochemical oxygen demand (BOD) is a measure of the quantitiy of dissolved oxygen, in milli-
grams per liter, necessary for the decomposition of organic matter by microorganisms, such as
bacteria.

Biomass 1s the amount of living matter present at any given time, expressed as the mass per
unit area or volume of habitat.

Ash mass 1s the mass or amount of residue present after the residue from the dry mass
determination has been ashed in a muffle furnace at a temperature of 500°C for 1 hour.
The ash mass values of zooplankton and phytoplankton are expressed 1n grams %er cubic
meter (g/m3), and periphyton and benthic organisms in grams per square meter (g/m<).

Dry mass refers to the weight of residue present after drying in an oven at 60°C for
zooplankton and 105°C for periphyton, until the mass remains unchanged. Thils mass repre-
sents the total organic matter, ash and sediment, in the sample. Dry mass values are
expressed in the same units as ash mass,

Organic mass or volatile mass of the living substance 1s the difference between the
dry mass and the ash mass, and represents the actual mass of the living matter. The
organic mass 1s expressed in the same units as for ash mass and dry mass.

Wet mass 1s the mass of living matter plus contalned water.
Bottom material: See Bed Material.

Cells/volume refers to the number of cells or any organism which 1s counted by using a
microscope and grid or counting cell., Many planktonic organisms are multicelled and are counted
according to the number of contained cells per sample, usually milliliters (mL) or liters (L).

Cfs-day 1s the volume of water represented by a flow of 1 cubic foot per second for 24 nours.
It 1s equivalent to 86,400 cubic feet, approximately 1.9835 acre~feet, or about 646,000 gallons or
2,447 cubic meters.

Chemical oxygen demand (COD) 1s a measure of the chemically oxidizable materlal in the water,
and furnishes an approximation of the amount of organic and reducing material present. The deter-
mined value may correlate with natural water color or with carbonaceous organic pollution from
sewage or industrial wastes.

Chlorophyll refers to the green pigments of plants. Chlorophyll a and b are the two most
common pigments 1n plants.
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Color unit 1is produced by one milligram per liter of platinum in the form of the chloro-
platinate ion., Color is expressed in units of the platinum-cobalt scale.

Contents is the volume of water in a reservoir or lake. Unless otherwise indicated, volume 1s
computed on the basis of a level pool and does not include bank storage.

Control designates a feature downstream from the gage that determlnes the stage-discharge
relation at the gage. This feature may be a natural constriction of the channel, an artificial
structure, or a uniform cross section over a long reach of the channel.

Cubic feet per second per square mile (CFSM) 1is the average number of cubic feet of water
flowing per second from each square mile of area drained, assuming that the runoff 1s distributed
uniformly in time and area.

Cubic foot per second (FT3/s, ft3/s) is the rate of discharge representing a volume of 1 cubic
foot passing a given point during 1 second and is equivalent to approximately 7.48|gallons per
second or 448.8 gallons per minute or 0.02832 cubic meters per second. I

Discharge 1s the volume of water (or more broadly, volume of fluid plus suspended sediment),
that passes a given point within a given period of time.

Mean discharge (MEAN) 1is the arithmetic mean of individual daily mean discharges
during a specific period.

Instantaneous discharge is the discharge at a particular instant of time.

Dissolved refers to the amount of substance present in true chemical solution. In practice,
however, the term includes all forms of substance that will pass through a 0.45 micrometer memmbrane
filter, and thus may include some very small (colloidal) suspended particles. Analyses are per-
formed on filtered samples.

|
Diversity index 1is a numerical expression of evenness of distribution of aquati¢ organisms.
The formula for diversity index is: |

S

32—2%'092%
=

Where n; is the number of individuals per taxon, n 18 the total number of individuals, Qnd s 1s the
total number of taxa in the sample of the community. Diversity index values range from zero, when
all the organisms in the sample are the same, to some positive number, when some or all of the
organisms in the sample are different.

Drainage area of a stream at a specified location is that area, measured in a horizontal plane,
enclosed by a topographic divide from which direct surface runoff from precipitation normally dralins
by gravity into the river above the specified point. PFigures of drainage area given herein include
all closed basins, or noncontributing areas, within the area unless otherwise noted.

Drainage basin 1s a part of the surface of the earth that is occupied by a drainage system,
which consists of a surface stream or a body of impounded surface water together with all tributary
surface streams and bodies of impounded surface water.

Gage height (G.H.) is the water-surface elevation referred to some arbitrary gage datum. Gage
height 1s often used interchangeably with the more general term "stage," although gag? height 1is
more appropriate when used with a reading on a gage.

Gaging station 1s a particular site on a stream, canal, lake, or reservolr where systematic
observatIons of hydrologic data are obtained.

Hardness of water is a physical-chemical characteristic that is commonly recognized by the
increased quantity of soap required to produce lather. It is attributable to the presence of
?1ka11ne earths (principally calcium and magnesium) and 1s expressed as equivalent calclum carbonate

03003) .

Hydrologic unit is a geographic area representing part or all of a surface drainage basin or
distinct hygroiogic feature as delineated by the Office of Water Data Coordination on the State
Hydrologic Unit Maps; each hydrologic unit is identified by an 8-digit number.

Metamorphic stage refers to the stage of development that an organism exhibits during its
transformation from an immature form to an adult form. This developmental process exists for most
insects, and the degree of difference from the immature stage to the adult form varies from rela-
tively slight to pronounced, with many intermediates. Examples of metamorphic stages of insects are
egg-larva-adult or egg-nymph-adult.

|
Methylene blue active substance (MBAS) is a measure of apparent detergents. This determination
depends on the formation of a blue color when methylene blue dye reacts with synthet1¢ detergent
compounds. {
Micrograms per gram (ug/g) 1s a unit expressing the concentration of a chemical elehent as the

mass (micrograms) of the element sorbed per unit mass (gram) of sediment.




WATER RESOURCES DATA FOR MINNESOTA, 1980 7

Micrograms per 1liter (UG/L, ug/L) 1s a unit expressing the concentration of chemical
constituents in solution as mass (micrograms) of solute per unit volume (liter) of water. One
thousand micrograms per liter 1s equivalent to one milligram per liter.

Milligrams per liter (MG/L, mg/L) is a unit for expressing the concentration of chemical con-
stituents in solution. Milligrams per liter represent the mass of solute per unit volume (liter) of
water. Concentration of suspended sediment also is expressed in mg/L, and 1s based on the mass of
sediment per liter of water-sediment mixture.

National Geodetic Vertical Datum of 1929 (NGVD) 1s a geodetic datum derived from a general
ad justment of the first order level nets of both the United States and Canada. It was formerly
called "Sea Level Datum of 1929" or "mean sea level" in this series of reports. Although the datum
was derived from the average sea level over a period of many years at 26 tide stations along the
Atlantlc, Gulf of Mexico, and Pacific Coasts, 1t does not neceasarily represent local mean sea level
at any particular place.

Organism 1s any living entity, such as an insect, phytoplankter, or zooplankter.

Organism count/area refers to the number of organisms colle%?ed and enumerated in a sample and
adjusted to the number per area habitat, usually square meters (m®), acres, or hectares. Periphyton
benthic organisms, and macrophytes are expressed ln these terms.

Organism count/volume refers to the number of organisms collected and enumerated in a sample
and adjusted toc the number per sample volume, usually milliters (mL) or liters (L). Numbers of
planktonic organisms can be expressed in these terms.

Total organism count is the total number of organisms collected and enumerated in any
particular sample.

Parameter code numbers are unique five-digit code numbers assligned to each parameter placed
into storage. These codes are assigned by the Environmental Protectlon Agency and are also used to
identify data exchanged among agencles.

Partial-record station 1s a particular site where limited streamflow and(or) water-quality data
are collected systematically over a period of years for use in hydrologic analyses.

Particle size 1s the dlameter, 1in millimeters (mm), of suspended sediment or bed materlal
determined by elther sleve or sedimentation methods. Sedimentation methods (plpet, bottom-
withdrawal tube, visual-accumulation tube) determine fall dlameter of particles 1in distilled water
(chemically dispersed).

Particle-size classification used 1in this report agrees with recommendations made by the
American Geophysical Unlon Subcommittee on Sediment Terminology.

The classification is as follows:

Clagsification Size (mm) Method of analysis

Clay 0.00024 - 0.004 Sedimentation.

Silt 004 - ,062 Sedimentation.

Sand 062 - 2.0 Sedimentation or sieve.
Gravel 2.0 - 64.0 Sieve,

The particle-size distributions glven in this report are not necessarlly representative of all
particles in transport 1n the stream. Most of the organic material 1is removed and the sample 1s
subjected to mechanical and chemical dispersion before analysis in distilled water.

Percent composition is a unit for expressing the ratio of a particular part of a sample or
population to the total sample or population, in terms of types, numbers, mass or volume.

Periphyton is the assemblage of microorganisms attached to and growing upon solid surfaces,
While primarlily consisting of algae, they also include bacteria, fungl, protozoa, rotifers, and
other small organisms. Periphyton is a useful indicator of water quallty.

Pesticides are chemical compounds used to control undesirable plants and animals. Major cat-
egories of pesticides include insecticldes, miticldes, funglcides, herblcldes, and rodenticldes.
Insecticldes and herbicides, which control insects and plants respectively, are the two categories
reported.

Picocurie (PC, pCi) 1s one trillionth (1 x 10'12) of the amount of radloﬁgtlvity represented by
a curle (C1). A curie is the amount of radloactivity that ylelds 3.7 x 10 radioactive disinte-
grations per second. A picocurle yields 2.22 dpm (disintegrations per minute).

Plankton 18 the community of suspended, floating, or weakly swimming organisms that live in the
open water of lakes and rivers.
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Phytoplankton 1s the plant part of the plankton. They are usually microscoplec and
their movement 1s subject to the water currents. Phytoplankton growth is dependent upon
solar radiation and nutrient substances. Because they are able to lncorporate as well as
release materlals to the surrounding water, the phytoplankton have a profound effect upon
the quality of the water. They are the primary food producers in the aquatic environment,
and are commonly known as algae.

Blue-green algae are a group of phytoplankton organlsms having a blue
pigment, in addition to the green pigment called chlorophyll. Blue-green algae
often cause nuisance conditions in water.

Diatoms are the unicellular or colonial algae having a siliceous shell.
Their concentrations are expressed as number of cells/mL of sample.

Green algae have chlorophyll pigments similar in color to those of higher
green plants, Some forms produce algal mats or floating "moss" 1n lakes. Thelr
concentrations are expressed as number of cells/mL of sample.

Zooplankton is the animal part of the plankton. Zooplankton are capable of extensive
movements within the water column, and are often large enough to be seen with the unalded
eye. Zooplankton are secondary consumers feedlng upon Dbacteria, phytoplankton, and
detritus. Because they are the grazers in the aquatlc environment, the zooplankton are a
vital part of the aquatic food web. The zooplankton community is dominated by small
crustaceans and rotifers.

Polychlorinated biphenyls (PCBs) are industrial chemicals that are mixtures of chlorinated
biphenyl compounds having various percentages of chlorine. They are similar in structure to
organochlorine insecticldes.

Primary productivity is a measure of the rate at which new organic matter is formed and
accumulated through photosynthetic and chemosynthetic activity of producer organisms (chiefly green
plants). The rate of primary productlion is estimated by measuring the amount of oxygen released
(oxygen method) or the amount of carbon assimilated by the plants (carbon method).

Milligrams of carbgn per area or volume per unit time [mg C/(m2~time) for periphyton and
macrophytes and mg C/(m”-time)] for phytoplankton are units for expressing primary productivity.
They define the amount of carbon dioxide consumed as measured by radicactive carbon (carbon 14).
The carbon 14 method 1s of greater sensitivity than the oxygen light and dark bottle method, and is
preferred for use in unenriched waters. Unit time may be either the hour or day, depending on the
incubation period.

\

Milligrams of oxygen per area or volume per unit time [mg 09/(m2-time) for periphyton and
macrophytes and mg 0-/(m-.time)] for phytoplankton are the units for expressing primary productiv-
ity. They define production and respiration rates as estimated from changes 1n the measured dils-
solved oxygen concentration. The oxygen light and dark bottle method is preferred if the rate of
primary production 1s sufficlent for accurate measurements to be made within 24 hours. Unit time
may be elther the hour or day, depending on the incubation pericd.

Recoverable from bottom material is the amount of a given constituent that 1s in solution after
a representative sample of bottom material has been digested by a method (usually using an acid or
mixture of acids) that results in dissolutlon of only readily soluble substances. Complete dissolu-
tion of all bottom material 1s not achieved by the digestion treatment and thus the determination
represents less than the total amount (that is, less than 95 percent) of the constituent in the
sample. To achleve comparabllity of analytlical data, equivalent digestion procedures would be re-
quired of all laboratories performing such analyses because different digestion procedures are
likely to produce different analytical results.

Runoff in inches (IN, in) shows the depth to which the drainage area would be covered if all
the runoff for a given time period were uniformly distributed on 1it.

Sediment is solid material that originates mostly from disintegrated rocks and 1s transported
by, suspended in, or deposited from water; 1t includes chemlcal and blochemlecal precipitates and
decomposed organic material, such as humus. The quantity, characterlistics, and cause ofithe occur-
rence of sediment in streams are influenced by environmental factors. Some major factors dre degree
gf flope, length of slope, soill characteristics, land usage, and quantity and intensity of precipi-

atlion. !
|

Suspended sediment 1s the sediment that at any given time is maintalned in suspénsion
by the upward components of turbulent currents or that exists in suspension as a collioid.

Suspended-sediment concentration is the velocity-welghted concentration of suspended
sediment in the sampled zone (from the water surface to a point approximately 0.3 ft above
?he/ gfd) expressed as milllgrams of dry sediment per liter of water-sediment mixture

mg/L).

Suspended-sediment dlscharge (tons/day) 1s the rate at which dry weight of sediment
passes a sectlon of a stream or 1s the quantity of sediment, as measured by dry welght or
volume, that passes a section In a given time. It is computed by multiplying discharge
times mg/L times 0.0027.
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Suspended-sediment load is quantity of suspended sediment passing a section in a
specified period.

Total sediment discharge (tons/day) 1is the sum of the suspended-sediment discharge
and the bed-load discharge. It is the total quantity of sediment, as measured by dry
welight or volume, that passes a section during a given time.

Mean concentration is the time-weighted concentration of suspended sediment passing a
stream section during a 24-hour day.

Solute is any substance derived from the atmosphere, vegetation, soil, or rocks that is
dissolved in water.

Specific conductance 1s a measure of the ability of a water to conduct an electrical current.
It is expressed in micromhos per centimeter at 25°C. Specific conductance 1is related to the type
and concentration of ions in solution and can be used for appoximating the dissolved-solids content
of the water. Commonly, the concentration of dissolved solids (in milligrams per liter) is about 65
percent of the specific conductance (in micromhos). This relation is not constant from stream to
stream, and it may vary in the same source with changes in the composition of the water.

Stage-discharge relation is the relation between gage height (stage) and volume of water per
unit of time, flowing in a channel.

Streamflow is the discharge that occurs in a natural channel. although the term "discharge"
can be applied to the flow of a canal, the word "streamflow" uniquely describes the discharge in 2
surface stream course. The term "streamflow" 1s more general than "runoff" as streamflow may be
applied to discharge whether or not i1t 1s affected by diversion or regulation.

Substrate is the physical surface upon which an organism lived.

Natural substrates refers to any naturally occurring emer